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AIRCRAFT ENGINE IN WHICH THERE IS A SMALL CLEARANCE 
SEPARATING THE FAN COWLS AND THE THRUST INVERTER COWLS 

DESCRIPTION 

Technical domain 

The invention relates to an aircraft engine with a 
pod comprising, in sequence along the air flow 
direction, an air inlet structure, fan cowls and thrust 
inverter cowls. 

5 The aircraft engine according to the invention may 

be installed on any type of aircraft and particularly 
on commercial aircraft assigned to transport of 
passengers or goods. 

Throughout the remainder of text, terms such as 
10 "front", "back", etc. refer to the direction of the air 
flow within the engine. Similarly, the term "axial" 
refers to a direction parallel to the engine axis. 

State of prior art 

15 As shown diagrammatically in the exploded 

perspective view in figure 1 of the attached drawings, 
a conventional aircraft engine such as a turbojet 
typically comprises an engine casing 1, suspended from 
an aircraft wing 2 by a pylon 3 and surrounded by a 

20 pod, so as to delimit an annular duct between them, 
inside which a fan 4 is placed. Around the fan 4, the 
fan duct is delimited by a fan casing 5, fixed to the 
engine casing 1 by ribs (not shown) . 

In the air flow direction, in other words from the 

25 front towards the back, the pod includes (in sequence) 
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an annular air inlet structure 6, a pair of right and 
left fan cowls 7, a pair of right and left thrust 
inverter cowls 8 and an annular nozzle 9. The fan 
cowls 7 are articulated on the pylon 3 at their upper 
5 edges and can be opened to enable maintenance. In 
flight, the fan cowls 7 are held closed by locking 
devices inserted between their lower edges. 

The back inner edge of the air inlet structure 6 
is fixed directly onto the front edge of the fan .casing 

10 5 by bolt or rivet type devices (not shown) . 

The front edge of each of the thrust inverter 
cowls 8 is also fixed to the back edge of the fan 
casing 5. When the thrust inverter cowls 8 are 
installed, this function is performed by insertion of a 

15 circular stud (not shown) fixed to each of the thrust 
inverter cowls 8 in a groove (not shown) machined on 
the fan casing 5. When the thrust inverters installed 
in the cowls 8 are used, this arrangement transmits all 
axial forces generated by the engine reverse thrust to 

20 the fan casing 5. 

When the fan cowls 7 are closed, they are fixed to 
the air inlet structure 6. This function is normally 
performed by blades (not shown) installed inside the 
front edge of each of the fan cowls 7, which fit 

25 without clearance into the orifices (not shown) 
provided at the back end of the air inlet structure 6. 
The number of blades and orifices depends on the engine 
size. As a variant, the blades are sometimes replaced 
by a single stud formed on at least part of the 

30 circumference of the fan cowls 7 and that fits into a 
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circumferential groove provided on the air inlet 
structure. 

Taking account of the fabrication and assembly 
tolerances of the different parts, there is a small 
5 clearance Jl between the back edges of the fan cowls 7 
and the front edges of the thrust inverter cowls, and a 
small clearance J2 between the back edge of the air 
inlet structure 6 and the front edges of the fan cowls 
7 , at the external surface of the pod, when the fan 

10 cowls are closed. These clearances are kept to a 
minimum to avoid excessive parasite drag that would 
increase engine fuel consumption. 

When the aircraft is in flight, the air inlet 
structure 6 is affected by pressure differences caused 

15 by the aerodynamic air flow. These pressure 

differences have the effect of submitting the air inlet 
structure to a suction phenomenon that tends to pull it 
forwards with respect to the other components of the 
engine . 

20 Considering that the air inlet structure 6 and the 

fan cowls 7 are fixed by blade-orifice or a similar 
type of structure, the assembly formed by the air inlet 
structure and the fan cowls starts bending and tends to 
be pulled forwards, therefore the clearance J2 between 

25 these parts remains constant and limited. On the other 
hand, the clearance Jl between the fan cowls 7 and the 
thrust inverter cowls 8 is increased by this bending, 
since there is no connection between these cowls. This 
increases the parasite drag and contributes to 

30 increasing fuel consumption throughout the flight. 
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Furthermore, relative movements generated by the 
suction phenomenon cause accelerated part wear. 

Description of the invention 
5 The purpose of the invention is an aircraft engine 

with an innovative design that at least partly solves 
the problems that arise on existing engines. 

More precisely, the purpose of the invention is an 
aircraft engine in which the clearance between the fan 

10 cowls and the thrust inverter cowls remains small even 
when the aircraft is in flight, so as to limit parasite 
drag and to not increase fuel consumption. 

According to the invention, this result is .. 
achieved using an aircraft engine comprising a fan 

15 casing and a pod comprising, in sequence along the air 
flow direction, an air inlet structure fixed to the fan 
casing, at least one fan cowl that can be in an open 
position and in a closed position and at least one 
thrust inverter cowl fixed to the fan casing, a front' 

20 edge of the fan cowl being attached to a back edge of 
the air inlet structure using axial force transmission 
means when in the said closed " position, characterised 
in that additional stiffening means are placed in the 
air inlet structure or between the fan cowl and the 

25 thrust inverter cowl. 

The introduction of additional stiffening means in 
the pod structure provides a means of eliminating or 
very strongly limiting deformations of the assembly 
formed by the air inlet structure and fan cowls caused 

30 by the above mentioned suction phenomenon when the 
aircraft is in flight. Therefore the clearance Jl 
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between the fan cowls and the thrust inverter cowls 
remains small, despite the lack of any connection 
between these parts. Thus, fuel consumption is not 
increased by an increase in the parasite drag. 
5 According to a first embodiment of the invention, 

the additional stiffening means comprise several rigid 
stiffeners, of which one first end is fixed to the air 
inlet structure close to the axial force transmission 
means, and a second end is fixed to the air inlet 
10 structure close to the location at which the structure 
is fixed to the fan casing. Thus, the air inlet 
structure is reinforced to oppose the suction force 
that tends to pull this structure forwards. 

According to a second embodiment of the invention, 
15 the additional stiffening means comprise complementary 
elements formed on a front edge of the thrust inverter 
cowl and on a back edge of the - fan cowl respectively, 
the said complementary' elements being designed to be 
inserted one into the other, with a small predetermined 
20 axial clearance in the closed position of the fan cowl, 
to enable transmission of axial forces after 
compensation of the said clearance. After compensation 
of the existing clearance between the said 
complementary elements, this arrangement provides a 
25 rigid link between the fan cowls and the thrust 
inverter cowls to take account of manufacturing 
tolerances, the said rigid link opposing the suction 
force that tends to • draw the air inlet structure 
forwards. 

30 In the second embodiment of the invention, the 

complementary elements advantageously comprise several 
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orifices formed on the front edge of the thrust 
inverter cowl and several studs formed on the back edge 
of the fan cowl, so as to penetrate into the said 
orifices when the fan cowl is in the closed position, 
the orifices and the studs being distributed around the 
periphery of the engine. 

In the second embodiment of the invention, the 
complementary elements may also include a 
circumferential groove formed on the front edge of the 
thrust inverter cowl and a stud formed on at least part 
of the circumference of the back edge of the fan cowl, 
so as to penetrate into the said circumferential groove 
when the fan cowl is in the closed position. 

Brief description of the drawings 

We will now describe different preferred 
embodiments of the invention as non-limitative 
examples, with reference to the attached drawings, 
among which: 

- figure 1, already described, is an exploded- 
perspective view that represents an aircraft 
engine according to prior art; 

- figure 2 is a larger scale sectional view of the 
junction area between the air inlet structure 
and one of the fan cowls of the pod of an 
aircraft engine, according to a first embodiment 
of the invention; and 

- figure 3 is a larger scale sectional view of the 
junction area between one of the fan cowls and 
the adjacent thrust inverter cowl, according to 
a second embodiment of the invention. 
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Detailed presentation of preferred embodiments 

The engine according to the invention is similar 
to the engine that has been described above with 
5 reference to figure 1. Therefore refer to the 

description made with reference to figure 1 to 
determine the main component elements of the engine and 
their relative layout. 

Essentially, it is important to remember that the 

10 engine comprises a central part delimited on the 
outside by an engine casing 1 and a pod surrounding the 
engine casing. The central part of the engine is 
separated from the pod by a. fan duct in which a fan 4 
is located. A fan casing 5 surrounds the fan and is* 

15 rigidly fixed to the engine casing 1. From the front 
to the back, the pod comprises an air inlet structure 6 
fixed to the front end of the fan casing 5, two fan 
cowls 7 hinged onto the pylon 3 and surrounding the fan 
casing 5, two thrust inverter cowls 8 fixed to the back 

20 end of the fan casing 5 and an annular nozzle 9. 

To enable maintenance, the fan cowls 7 may be 
tilted upwards into an open position. When the 

aircraft is operational, the fan cowls 7 are closed and 
their lower edges are connected to each other by 

25 locking means. 

As shown in more detail in figure 2, the air inlet 
structure 6 comprises an outer enclosure 10, an inner 
enclosure 12 provided with a noise reducing structure 
14 and stiffeners 16 connecting enclosures 10 and 12 to 

30 each other, at the back end of the outer enclosure 10. 
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More precisely, a first end of each of the 
stiffeners 16 is fixed to the outer enclosure 10 by a 
bracket 18 and attachment devices such as rivets or 
bolts diagrammatically shown by chained dotted lines 20 
5 and 22. 

The second end of each of the stiffeners 16 is 
fixed to the inner enclosure 12 by a bracket 24 and 
attachment devices such as rivets or bolts shown 
diagrammatically by chained dotted lines 26 and 28. 

10 The stiffeners 16 are arranged such that their 

ends are located in the same plane approximately 
perpendicular to the longitudinal axis of the engine. 

As also shown in figure 2, the inner enclosure 12 
of the air inlet structure 6, fitted with its anti- 

15 noise structure 14, projects backwards beyond the 
stiffeners 16. The back end of the said inner 

enclosure 12 is fixed to the front end of the fan 
casing 5, for example by brackets 30 and 32 and 
attachment devices such as rivets or bolts 

20 diagrammatically shown by the chained dotted lines 34, 
36 and 38. 

As shown more precisely in figure 2, when they are 
in their closed position, the fan cowls 7 are fixed to 
the air inlet structure 6 for example by blades 4 0 that 

25 fit into the orifices 42 provided at the - back end of 
the air inlet structure 6, without any clearance. The 
orifices 42 are formed in the parts 44 that are fixed 
on the back edge of the air inlet structure 6, close to 
its external enclosure. This attachment may in 

30 particular be made by attachment means 20 used to fix 
the stiffeners 16 on the brackets 18. 
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According to one variant embodiment not shown and 
according to a known arrangement, the fan cowls 7 can 
also be fixed to the air inlet structure 6 by providing 
a circumferential groove on the back edge of the air 
inlet structure 6 close to the external enclosure of 
this structure, and a stud on the front edge of each of 
the fan cowls 7, at least around ' part of their 
circumference. When the fan cowls are closed, the stud 
penetrates into the circumferential groove with no 
clearance, so as to fix the said cowls 7 of the air 
inlet structure 6. 

The fan cowls bear on the front parts -4 6. of the 
thrust inverter cowls 8 at their back end (see figure 
3 ) when the said fan cowls are closed. 

According to the known arrangement that has just 
been described, and that can be subjected to a number 
of variants without going outside the scope of the 
invention, there is a ' clearance Jl between the adjacent 
edges on the fan cowls 7 and the thrust inverter cowls 
8 and a clearance J2 between the adjacent edges of the 
air inlet structure 6 and fan cowls 7, at the external 
periphery of the pod. These clearances Jl and J2, 
which originate from fabrication and assembly 
tolerances, are limited to very small values to prevent 
the formation of a parasite drag that will increase 
fuel consumption. 

In this conventional arrangement, the outer part 
of the air inlet structure 6 deforms forwards, under 
the effect of pressure differences caused by 
aerodynamic flow when the aircraft is in flight. Under 
the effect of this deformation, the fan cowls 7 are 
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pulled forwards by the clearance-free link made by the 
blades 40 and the orifices 42. Therefore, the 

clearance J2 remains constant and very small. On the 
other hand, the clearance Jl increases, which has the 
5 effect of increasing aerodynamic drag and consequently 
fuel consumption on existing engines. 

According to the invention, the additional 
stiffening means are integrated into the pod, so as to 
very significantly increase the stiffness of the 
10 assembly formed by the air inlet structure 6 and the 
fan cowls 7 . 

In the embodiment shown in figure 2, these 
additional stiffening means include several rigid 
stiffeners, one of which is shown as 48 in figure 2. 

15 Each rigid stiffener is in the form of an approximately 
straight bar 48, located in a plane passing through the 
longitudinal axis of the engine. 

A first end of each of the bars 48 is fixed to the 
air inlet structure 6, close to the axial force 

20 transmission means between the said air inlet structure 
and the fan cowls 7, in this case materialised by the 
blades 40 and the orifices 42. This attachment is 
achieved by brackets 50 and attachment means such as 
rivets or bolts, symbolically shown by chained dotted 

25 lines 20 and 52 in figure 2, where the bracket is fixed 
on the stiffener 16 by attachment means 20 also used 
for attachment of the bracket 18 and the part 44. 

As a variant, when the stiffeners- 16 are large, 
the first end of each of the rigid stiffeners 48 can 

30 also be fixed approximately at the mid-point along the 
length of the stiffeners 16. This arrangement limits 
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vibrations of stiffeners in flight, and consequently 
wear of the elements present. 

The second end of each of the rigid stiffeners 48 
is fixed to the air inlet structure 6, close to the 
5 location at which the structure is fixed to the fan 
casing 5. This attachment is provided by another 
'bracket 54 and by attachment means such as rivets or 
bolts, shown symbolically by chained dotted lines 34 
and 56 in figure 2 where the bracket 54 is fixed to the 

10 brackets 30 and 32 by attachment means connecting them 
to each other. 

According to this arrangement, the second end of 
each of the rigid stiffeners 48 is offset backwards and 
inwards towards the engine from its first end. 

15 Furthermore, the rigid stiffeners 48 connect the back 
of the peripheral external part of the air inlet 
structure 6 to the back of the inner peripheral part of 
the said structure, in its attachment area onto the fan 
casing 5, in other words on a rigid part of the engine. 

20 Thus, the rigid stiffeners 48 resist the forces that 
tend to move the external peripheral part of the air 
inlet structure 6 forwards with respect to the rest of 
the engine when the aircraft is in flight. 

By opposing the forwards displacement of the 

25 external peripheral part of the air inlet structure 6, 
the rigid stiffeners 48 practically eliminate all 
relative movement between the fan cowls 7 and thrust 
inverter cowls 8, since the fan cowls 7 are fixed to 
the air inlet structure by axial force transmission 

30 means materialised by the blades 40 and the orifices 
42. This prevents an increase in the clearance Jl 
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between the fan cowls 7 and the thrust inverter cowls 
8. Consequently, the fuel consumption of the engine 
can be kept equal to a minimum value. 

The number of rigid stiffeners 48 depends on the 
5 forces to be resisted. The rigid stiffeners 48 are 
distributed uniformly around the entire periphery of 
the pod. 

According to a second embodiment of the invention 
shown more precisely in figure 3, the additional 

10 stiff ener means include complementary elements 58, 60 
formed on the front edges of the thrust inverter cowls 
8 and on the back edges of the fan cowls 7. 

More precisely, these complementary elements 58 
and 60 are arranged so as to be inserted in each other 

15 with a small predetermined axial clearance when the fan 
cowls 6 are closed. The presence of a small axial 
clearance between these complementary elements is made 
necessary by fabrication and assembly tolerances, 
considering the fact that the fan cowls 7 are fixed to 

20 the air inlet structure 6 at their front ends. The 
complementary elements 58 and 60 thus provide a rigid 
link in the axial direction between the fan cowls 7 and 
the thrust inverter cowls 8, when the small axial 
clearance that initially existed between these elements 

25 has been corrected. 

In the embodiment shown more precisely in figure 
3, the complementary elements mentioned above include 
several orifices 58 formed in a part 62 fixed on the 
front part 46 of each of the thrust inverter cowls 7, 

30 by attachment means 64 such as rivets or bolts. These 
complementary elements also include several studs 60 
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that are fixed on the back edge of each of the fan 
cowls 7 by attachment means 62 such as rivets or bolts, 
so as to penetrate into orifices 58 when the fan cowls 
are closed, by forming the above mentioned axial 
5 clearance between them. 

In one variant embodiment not shown, the studs 60 
are replaced by a single stud formed on at least part 
of the circumference of the back edge of each fan cowl 
and multiple orifices 58 are replaced by a 

10 circumferential groove formed on the front edge of each 
thrust inverter cowl . 

As in the first embodiment of the invention 
•described previously with the reference to figure 2, 
this second embodiment keeps the clearance Jl between 

15 the thrust inverter cowls 8 and the assembly formed by 
the air inlet structure 6 and the fan cowls 7 
approximately constant. Consequently, the fuel 

consumption is held at a minimum value despite the 
pressure differences applied in flight into the air 

20 inlet structure 6, due to the aerodynamic air flow. 

Obviously, the invention is not limited to the 
embodiment that has just been described with reference 
to figures 2 and 3. Thus, for example, the solutions 
described in these two embodiments could be combined 

25 without going outside the scope of the invention. 



